Glass fiber reinforced composite materials are used in variety of engineering applications due to their important properties. Armour steel -GFRP composites are used in application areas such as military vehicles, tanks, automobile etc. These composites provide strength with corrosion resistance. Drilling of these composite materials are very much important for the industry. During drilling, due to the use of glass fibers reinforcement delamination occurs. Reduction of delamination is important for the manufacturers. This paper investigates a study on cutting parameters on the delamination in drilling of an armour steel Glass fiber reinforced sandwich composites. Armour steel is used as a sandwich, which is fixed between the two glass fiber reinforced composite plates. The influence of cutting parameters on delamination in drilling is investigated in detail. From the analysis of the results, it has been known that the feed rate is the highly influential parameter which affects the delamination in drilling of sandwich composites. The results are analysed through graphs and presented in detail.
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Introduction
The use of fiber reinforced polymer composite materials are on the rise due to their special properties like high specific strength and stiffness, excellent corrosion resistant, high damping, very low thermal expansion and high fracture toughness. They find very useful applications in critical fields in aerospace and automobiles especially in defense use. Though, manufacturing of these composite to a near net shape is possible, further machining especially drilling pose a great deal of difficulty, due to its anisotropic non homogeneous nature. Selection of wrong machining parameters, drill geometry and material increase the rate of rejection at the final stage of assembly which makes the researchers to find the optimal solution effectively. Sometimes rejection rate accounts up-to 60% [1] and hole drilling being one of the last operations creates many problems, mainly delamination [2] stress concentration and improper hole quality with impounding higher cost factor.
The delamination at the entry and exit sides were analyzed [3, 4] by many researchers. Koenig et al [5] noted that the thrust force as the main reason behind the delamination and its effect is not serious till the thrust force reaches a critical level. Ho Cheng et al [6] analyzed the connection between the tool geometry and hole quality. The fibrous part of the composite has an effect on the hole entry side damage was noted by La Chaud [7] . Di Paolo et al [8] concluded f f that the damage or delamination is not because of the chisel edge but due to the cutting lips. Jain et al [9] have predicted critical thrust force that could be the limiting factor for negligible damage in drilling of composites. Digital photography was used to measure the damage of the hole by Zhang et al [10] . Paulo Davim et al [11] concluded that digital image acquisition, which shows a quite satisfying result in obtaining the damage after drilling composites. There has been a considerable increase on the thrust force while drilling with the twist drill of larger diameter at a higher speed. This is due to the larger shear area. El Sonbati et al [12] have substantiated this while drilling with high speed conventional twist drills on glass fiber reinforced polymers. The reduction on the thrust force by increasing the number of cutting edges and reducing the contact between contact length of the tool and material has been demonstrated by Piquet et al [13] . Abrao et al [14] has concluded that increase in feed results in thrust force whereas increase in speed has negligible effect while drilling glass fiber reinforced plastic composites. Palanikumar et al [15] have developed a model for effectively predicting the delamination in drilling GFRP composites. Mohan et al [16] used multiple factors in drilling GFRP composites and analyzed delamination .
Ramulu et al [17] while drilling composites and titanium stacks concluded that carbide drills produced the smallest burrs, negligible damage to the hole when compared with HSS drill bit. Caprino and Tagliaferri [18] used visual method to measure delamination in drilling GFRP composites. An X-ray technique was used by Chen [19] to capture and measure the damage zone around the hole. The importance of backup plate was given by Tsao and Hocheng [20] for lesser damage while drilling composite materials. In this work machining GFRP armor steel sandwich with varying properties and looking for a more comprehensive and clearer solution to result is carried out and presented in detail.
Experimental Investigation
The experiments are carried out on the fabricated sandwich composite panels. The glass fibre is made of E-glass and chopped strand mat is for fabricating the GFRP plates. The technique used for manufacturing the composite is hand lay-up technique. The sandwich composite is manufactured by means of two 4 mm thickness glass fiber reinforced composite plates which is adhere to the armour steel having the thickness of 4 mm. The total thickness of the plate is 10 mm. The size of the plate manufactured for conducting the machining experiments is 12.5cm X 10cm X 10mm, The schematic and fabricated view of the fabricated sandwich composite is presented in Fig. 1 . The mechanical properties of the composite material used is presented in Table 1 . The drilling experiments are carried out on Computer Numeric Control (CNC) vertical machining centre. The work piece is clamped on the machine table with a backup plate below the sandwich panel in order to reduce the exit damage or exit delamination. The vertical CNC machining centre is having a capacity of 3.7 kw and max, spindle speed of 6000 rpm The drill diameter of 6 mm, 9 mm and 12 mm were chosen, so as to suit the application requirements and the tools were made of solid carbide (grade K20). Usually low feed and high speed are recommended for drilling composite and low speed is recommended for machining high strength steel. In this experiment, the feed and speed are kept medium level so as to suit the requirements of armour steel and to reduce the heat generated. The parameters and their ranges used for the experimentation are given in Table 2 . The typical drilled holes are presented in Fig. 2 . The figures indicated that there is a delamination occurs on the periphery of the holes drilled. This delamination is to be reduced so that the rejection rate of composite materials can be reduced. In drilling of composite materials, the hole quality is to be maintained properly, which is the main priority in manufacturing. The quality of the hole can be measured by different indices such as surface finish, roundness error, hole diameter with tolerance, etc. Delamination factor is an important term used in composite industries to measure the quality of the drilled hole. Delamination is a damage phenomena, which occur due to the anistrophy and brittleness of the composite materials. The damage around the holes (delamination) is measured and analysed in this study by using tool maker microscope manufactured by RADICAL Instruments, India. The delamination factor (F d ) is determined by the following relation:
(1)
The scheme of measurement of the delamination is presented in Fig. 3 . Fig. 3 (a) shows the drilled hole with delamination. Fig. 3 (b) shows the delamination measurement in the drilled portion of the hole. 
Results and Discussion
Armour steel sandwiched composite materials are used in military vehicles due to the combined property of strength with corrosion resistance. These composite structures are joined by using the manufacturing process drilling. Normally drilling involves the use of twist drills. In the industrial material joining practice, drilling is the main operation which occupies approximately 40% of the manufacturing operations. Drilling of composite materials is different from the conventional materials. Especially, when sandwich structures are used, they have different properties at different regions. GFRP composite plate has anistropic property, but the armour steel has different property than GFRP composites. During the drilling of composite materials, there are different problems arises, such as fibre breakage, matrix cracking, fiber/matrix f f debonding, fiber pull-out, fuzzing, thermal degration, spalling and delamination. Delamination which occurs on the entry and exit side of the composite structure is very important and is to be reduced which reduce the bearing strength and material stability. The damage or delamination in drilling is mainly due to the thrust of the tool on the composite material. The delamination in drilling can be analyzed either by directly finding the delamination factor or by finding the thrust force or torque in drilling of composites.
The effect of drilling parameters on delamination in drilling composite materials is analyzed by using the graphs, which are presented in Figs. 4 -5. Fig. 4 shows the effect of drill diameter with respect to the different spindle speed on delamination factor in drilling of armour steel sandwich composites. The figure indicate that the increase of drill diameter increases the delamination factor in drilling of sandwich composites, whereas the increase of spindle speed reduce the delamination in drilling of sandwich panels. The increase of drill diameter increases the load on the tool and contact between the workpiece and tool, which increase the delamination, whereas the increase of spindle speed soften the matrix material and remove the armour steel with ease and hence the delamination is reduced. the workpiece hole and load on the tool, which in turn increases the delamination factor in drilling of composite materials. From the results, it can be asserted that by using the proper cutting parameters, the delamination in drilling can be reduced. 6 shows the scanning electron microscope (SEM) image of the drilled holes observed in drilling of sandwich composites. Fig. 6(a) shows the cross sectional view of the drilled hole in which the centre portion indicates the armour steel, whereas it is sandwiched between the two GFRP plates. The interface between the GFRP plate and armour steel is presented in Fig. 6(b) in which the fussy surface indicates the GFRP composites and smooth surface indicates the armour steel.
Conclusion
The experimental investigation is carried out to analyse the delamination factor in drilling of armour steel sandwich composite plates. The effect of cutting parameters on delamination is analysed. Based on the investigation carried out, the conclusions drawn are as follows:
1. The delamination factor in drilling of armour steel-GFRP sandwich plate is measured and analysed with respect to different cutting parameters. 2. The result indicates that the delamination factor at 0.12 mm/rev. feed rate is more than that of the feed rate at 0.03 mm/rev. due to the increase of thrust on the drill 3. The increase of drill diameter increases the delamination due to the increase of contact area between the workpiece and drill. Instead of using bigger diameter drill, it is suggested to use small diameter holes with more number of joints. 4. The spindle speed is having only limited effect on drilling of sandwich plates in which higher spindle is preferred. 5. The drilled surface and interface between the GFRP are analysed by using scanning electron micrograph.
